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http://eprints.soton.ac.ukInformation Transfer (EXIT) chart based design. Reduced-complexity iterative multi-
stage SIC is employed in the GMLST decoder instead of the signiﬁcantly more complex
ML detection. For the sake of approaching the maximum attainable rate, iterative de-
coding is invoked to achieve decoding convergence by exchanging extrinsic information
across the three serially concatenated component decoders. Finally, it is shown that the
iteratively detected IRCC-URC-GMLST scheme using SIC strikes an attractive trade-off
between the complexity imposed and the effective throughput attained, while achieving a
near-capacity performance.
The above-mentioned advances were also exploited in the context of near-capacity
communications in distributed MIMO systems. Speciﬁcally, we proposed an Irregular
Cooperative Space-Time Coding (Ir-CSTC) scheme, which combines the beneﬁts of Dis-
tributed Turbo Codes (DTC) and serially concatenated schemes. Firstly, a serial concate-
nated scheme comprising an IRCC, a recursive URC and a STC was designed for the
conventional single-relay-aided network for employment at the source node. The IRCC
is optimized with the aid of EXIT charts for the sake of achieving a near-error-free de-
coding at the relay node at a minimum source transmit power. During the relay’s transmit
period, another IRCC is amalgamated with a further STC, where the IRCC employed at
the relay is further improved with the aid of a joint source-and-relay mode design proce-
dure for the sake of approaching the relay channel’s capacity. At the destination node, a
novel three-stage iterative decoding scheme is constructed in order to achieve decoding
convergence to an inﬁnitesimally low Bit Error Ratio (BER) at channel Signal-to-Noise
Ratios (SNRs) close to the relay channel’s capacity. As a further contribution, an ex-
tended Ir-CSTC scheme is studied in the context of a twin-relay aided network, where a
successive relaying protocol is employed. As a beneﬁt, the factor two multiplexing loss
of the single-relay-aided network - which is imposed by the creation of two-phase coop-
eration - is recovered by the successive relaying protocol with the aid of an additional
relay. This technique is more practical than the creation of a full-duplex system, which
is capable of transmitting and receiving at the same time. The generalized joint source-
and-relay mode design procedure advocated relies on the proposed procedure of ﬁnding
the optimal cooperative coding scheme, which performs close to the twin-relay-aided net-
work’s capacity. The corresponding simulation results verify that our proposed Ir-CSTC
schemes are capable of near-capacity communications in both the single-relay-aided and
the twin-relay-aided networks.
Having studieddiversenoise-limitedsingle-usersystems,we ﬁnally investigatea mul-
tiuser space divisionmultipleaccess (SDMA) uplink system designed for an interference-
limited scenario, where the multiple access interference (MAI) signiﬁcantly degrades the
overall system performance. For the sake of supporting rank-deﬁcient overloaded sys-
ivtems, a maximumsignal-to-interference-plus-noiseratio (MaxSINR) based SIC multiuser
detection (MUD) algorithm is proposed for the multiple-antenna aided multi-user SDMA
system, which is capable of striking a trade-off between the interference suppression and
noise enhancement. Furthermore, the multiuser SDMA system is combined with channel
codes, which assistus in eliminatingthe typical error ﬂoors of rank-deﬁcient systems. Re-
ferring to the Ir-CSTC scheme designed for the single-user scenario, relaying techniques
are invoked in our channel-coded SDMA systems, which beneﬁt from extra spatial di-
versity gains. In contrast to the single-user Ir-CSTC schemes, interference suppression
is required at both the base station (BS) and the relaying mobile station (MS). Finally,
a more practical scenario is considered where the MSs have spatially correlated trans-
mit antennas. In contrast to the conventional views, our simulation results suggest that
the spatial correlation experienced at the transmitter is potentially beneﬁcial in multiuser
SDMA uplink systems, provided that efﬁcient MUDs are invoked.
vNt: The number of transmit antennas per user.
Pab: The path loss between nodes a and b.
P(.): The probability.
p(.): The probability density function.
q: The number of GMLST layers.
R: Coding rate.
Ro: Coding rate of the outer code.
Ri: Coding rate of the inner code.
Rs: Coding rate at the source node.
Rr: Coding rate at the relay node.
RBS: The spatial correlation matrix at the base station.
RMS: The spatial correlation matrix at the mobile station.
Rn: The interference covariance matrix.
Rs: The signal covariance matrix.
S: The switch of the MS’s transmitter.
T: The signalling period.
T(.): The extrinsic information transfer function.
T −1(.): The inverse extrinsic information transfer function.
ui: The uncoded bit stream of the inner encoder.
uo: The uncoded bit stream of the outer encoder.
wi: The linear maximum SINR ﬁlter.
W: The bandwidth in Hz.
W
j
k: The nulling matrix at the j-th SIC decoding stage at instance k.
WLS: The LS-based MUD’s weight matrix.
WMMSE: The MMSE-based MUD’s weight matrix.
yk: The received symbol at instance k.
xviiiαi: The i-th weighting coefﬁcient of the IRCC.
α(` s): The standard state metric values in the forward recursions in the BCJR algorithm.
βj: The j-th weighting coefﬁcient of the IRCC at the relay node.
βMS: The MS antenna correlation coefﬁcient.
β(s): The standard state metric values in the backward recursions in the BCJR algo-
rithm.
σ2: The complex AWGN noise’s variance.
λ: The ratio of the ﬁrst time slot duration to the total frame duration in half-duplex
relay systems.
λi: The SINR of the maximum SINR ﬁlter output.
η: The bandwidth efﬁciency in [bit/sec/Hz].
π: Temporal interleaver.
π−1: Temporal deinterleaver.
πs: Temporal interleaver at the source node.
π−1
s : Temporal deinterleaver at the source node.
πr: Temporal interleaver at the relay node.
π−1
r : Temporal deinterleaver at the relay node.
Θ: The linear maximum SINR array processor.
Ψj: Vector-based temporal interleaver.
Π: Spatial interleaver.
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